The electrochemical behavior of Pt(IV) ions in the presence of dimethylglyoxime has been investigated using adsorptive stripping voltammetric method. The results indicated that the platinum is reduced from its adsorbed state as bis-dimethylglyoxi-mate platinum(IV) complex. The peak current is linearly proportional to the Pt(IV) concentration in the solution, thus representing the basis for a quantitative analysis. Various experimental parameters affecting the stripping response, indicating pH, the ligand concentration or the accumulation time and potential, and the scan rate, were studied to obtain a highly linear response. From the results the scheme for the reduction process of the platinum dimethylglyoximate complex in acidic media is presented.
Introduction
The platinum group metals (PGM) have an excellent performance in many catalytic processes used for obtaining minimal release of pollutants into the environment [1] [2] .
The ability of the PGM to form many species in a given oxidation state, their tendency to hydrolyse and the formation of polynuclear complexes make determination, especially at low concentration levels, very difficult. Complete dissolution of the PGM, quantitative conversion into suitable complexes and their preconcentration before final detection are critical steps in almost all analytical procedure [3] .
Since the concentration of PGM is extremely low in various samples, a sufficiently sensitive method for their reliable determination would be of great interest. The more popular voltammetric method following adsorptive accumulation of the metal chelates is becoming a widely accepted analytical tool. Many electrochemical active complexes of PGM can be adsorbed on the mercury electrode surface to cause a catalytic hydrogen current. Mostly based on this principle, several electroanalytical methods for the trace determination of PGM have been reported in the last few years [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Various supporting electrolytes, different complexing ligands, and corresponding detection limits for the determination of platinum were reviewed [14] .
In our previous investigations dimethylglyoxime (DMG) [15] [16] and other oximes [17] were used for the adsorptive preconcentration of palladium on the stationary mercury electrode. From the analytical point of view these studies agree with the data published by Wang and Varughese [18] . The present study is intended to examine the utility of adsorptive stripping voltammetric procedure for platinum(IV), based on the reduction of the adsorbed platinum-dimethylglyoximate complex (Pt-DMG) in acidic media.
Experimental
Voltammetric measurement were performed with an EG&G PAR model 264A stripping voltammeter in connection to the EG&G 303 stationary mercury electrode (SMDE). An Ag/AgCl electrode filled with a saturated KCl solution was used as a reference electrode and a platinum wire as an auxiliary. The voltammograms were recorded on an Omnigraphic 100 X-Y recorder Model RE 00 89.
All reagents were of analytical reagent grade. Deionized water was additionally purified using the Milli -Q system. Acetate buffer of pH 4.6 was used as a supporting electrolyte. This was prepared by mixing the appropriate amounts of 0.1 M acetic acid and 0.1 M sodium acetate. A stock solution of 0.1 M DMG (butane-2,3 dione dioxime, Merck) was prepared by dissolution of the pure substance in absolute ethanol.
A platinum standard stock solution (1.00 mg/mL) was prepared by dissolving platinum wire (99.99 %) in aqua regia. The solution obtained was evaporated almost to dryness. 
Results and Discussion
In order to obtain some information and additional support on the adsorption of the platinum chelate on the stationary mercury electrode voltammetric measurements were investigated. As it is evident from the voltammograms shown in Fig. 1 , the reduction of platinum(IV) in the presence of DMG is a totally irreversible process which appears at a potential about 120 mV more positive than the reduction of the ligand itself. The reduction of the DMG ligand appears at much more negative values (Ep = -1.055 V). It is observed that the peak height associated with the reduction of Pt-DMG complex is highly dependent on the preconcentration time at constant initial potential.
At the same time the peak height is very reproducible. This fact excludes any pathway on the accumulation of some radicals at the electrode surface. On the other hand, the asymmetrical shape of the peak, supports the assumption that the reduction of platinum(IV) in the presence of DMG involves adsorption of the reactant on the surface of the mercury electrode. However, small amount of surfactants such as Triton X-100 and other strongly suppressed the peak height. These two phenomena indicated that the platinum complex is strongly adsorbed on the mercury electrode surface. In this way, highly sensitive measurements of the platinum chelate can be achieved by using the method of adsorptive stripping voltammetry (AdSV).
The strong and often linear dependence of the metal-ligand current signal upon the metal concentration, inspired us to explore the feasibility of using various experimental parameters affecting the stripping response of the complex, such as pH, reactant concentrations, accumulation time and potential and scan rate. These parameters were studied in detail.
Preliminary experiments were carried out with different types of buffers such as hydrogen chloride, acetate, phosphate and ammonium buffer. The results showed that the voltammetric peak height was improved in the presence of acetate buffer. Thus, for voltammetric measurements a solution of acetic acid and sodium acetate was used as the optimal buffer solution. The effect of the accumulation potential on the stripping peak current of the platinum complex was examined over the potentials range of + 0.1 to -0.6 V. As shown in Fig.5 (curve ) the Pt-DMG complex is adsorbed over a wide potential range from + 0.1 to -0.6 V with a slight variation in the response. As expected, at more positive potential, the adsorption of the complex is inhibited, due to electrode surface oxidation. At more negative potential than -0.6 V, the peak current decreases. This can be explained by the instantaneous reduction of the complex at this potential. Therefore, an optimal accumulation potential between 0 and -.0.6 V should be used in subsequent work. The presence of the nonionic surfactant Triton X-100 has a severe effect on the peak height (curves , ). Its effect becomes more pronounced as the potential of zero charge (pzc) [15] is approached. The peak heights decreased to 30 % of the initial value when 0.1 mg/L of Triton X-100 was added to the solution, and were completely suppressed with addition of 1 mg/L Triton X-100. t / sec Other condition that affects the adsorptive response of the complex is the scan rate. The influence of the scan rate on the peak current of the complex was examined over the range 1.0-30.0 mV/s. The peak height increases slightly at first up to 10 mV/s (Fig. 6A) and then decreases for greater values of the scan rate. The reduction current of adsorbed complex ions increases linearly with the scan rate [19] [20] because a constant amount of adsorbed species is reduced in a shortened time span, unless the reduction efficiency diminishes at high scan rate. However, in this case, a non-linear increase of the peak height was observed as a result of hydrogen formation at high scan rates. It was found that the peak potential is shifted to more negative potentials with increasing scan rate v (Fig. 6B or 6C ). The shift of the peak potential with the scan rate indicates some irreversibility of the redox process of the adsorbed reactants on the electrode [21] [22] and an effective interfacial accumulation of the platinum chelate. 
Reaction mechanism
The mechanism of the electrode process is difficult to define in detail, but the properties reported provide some evidence about the reduction of platinum(IV) in the presence of DMG.
In the absence of DMG, the As such positive potentials the adsorption of the platinum chelate is inhibited. It is particularly hindered when nonionic surfactants and adsorbable anions are present [15] .
Therefore, to collect any significant amount of the chelate at the electrode surface, an external potential more negative than -0.2 V must be applied.
We propose that the platinum chelate is reduced to a low oxidation state. 
Conclusions
From the investigation of the experimental parameters affecting the electrode process rate it was found that a possible mechanism for the overall electrode process in adsorption voltammetry of the Pt-DMG system can be divided into three steps. These . The optimization of the differential-pulse operation indicated that a scan rate of 10 mV/s (Fig. 6D ) and a pulse height of 25 mV were the most favorable, since the sensitivity of the adsorptive stripping voltammetric measurements can be increased.
